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Nel mezzo del canunin di nostra vita
Mi ritravai per una selva oscra,
Che ta divitta via era sinarrita.
Infeino, Canto i

FOINTRODUCTION!

In the Preface o his book, Causality in feonomics (1979), Hicks
mentioned his participation in a conference on the *‘Microfoundations
of Macroeconomics’, which was organised by the International Heons
omic Assoctation at $"Agaro in 1974, He reported that “though some
excellent papers were given, reviewers . . . rightly perceived that the
conference as a whole was a failure. We did not get to giips with the
guestion we were supposed to be discussing.” He went on to say

One of the reasons . . . was that the question had been wrongly
posed. 1t took for granted that ‘micro’ (the economics of the fim
and of the individual) was a solid foundation, on which the more
dubious ‘macro’ {economics of the whole econamy, usually a
national economy) was {0 be built, -What were the grounds for
holding that the one was more solid than the othe1? We were
begging the question, but we should have faced it

1 hope that | shall face this question, at least indirectly, as | skeich
the devetopment of intertemporal general equilibrivm theory since
Value and Capital, and reflect a litthe on the significance of that
development, and on where we are headad.

En the same Preface, Ticks lists five teasons for pursuing ceconamic
theory:
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inteliectual attraction;

ideological,

characterisation of optimal allocations (welfare EConoItics);
descriptive ~ refinement and criticism of economic statistics;
analytical.

i

With regard to the last reason, he explains: ‘I am thinking of analysis
applied to facts. When theory is applied, it is being used as a means of
explanation: we ask not merely what happened, but why it happened.
That is causation; exhibiting the story, so far as we can, as a logical
process.’

Thus one main purpose of a theory is to help us to explain some
observed economic phenomena, or perhaps to predict some phenom-
ena that have not yet been observed, However, it is sometimes said
that, as a precondition for the success of an equilibrivm theory, one
must be able to demonstrate (in the context of the theory or model):

1. the existence of an equilibrium;

2. the uniqueness of equilibrium, or at least that there are only
finitely many equilibria;

3. that the equilibria change continuously with the data (para-
meters) of the model, at least for most values of the data.

Of course, a theory might be interesting even if it did not satisfy
preconditions 2 or 3 (1 shall discuss this point below); nevertheless, it
is generally accepted that it is crucial to understand whether or not
these preconditions are satisfied.

[tis interesting that since the publication of Value and Capital the
bulk of gencral equilibrium theory has been devoted to the investiga-
tion of preconditions 1-3, rather than to the explanation of empirical
regularities. (For the time being, 1 shall leave aside the ‘welfare
economics’ part of general equilibrium theory.) A well-known econ-
omist, now dead, once remarked that he was disappointed in general
cquilibrium theory because it seemed so upambitious — for exampie,
it had not tried to explain why demand curves usually siope down-
ward (the law of demand), or at least had not yet succeeded in doing
s0. (He would have been pleased with more recent efforts; see
Hikdenbrand, 1983),

It might be said that general equilibrium theory explains the very
existence of the economic institution of markets. Personally, T find
this weak, because the theory assumes the presence of markets,

{
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instead of demonstrating why markets, rather than some alternative
form of economic organisation, oceur.

It is also said that the theory explains prices and interest rates. |
suppose this means that it explains the actual prices and interest rates
that have heen observed o exist during some particular historical
period. An example of an activity coming close to this is the elabor-
ation and estimation of econometric macroecononic models. The
success or failure of such a model then becomes a ‘test” of the general
equilibrium theory that lies behind it. However, this is not a direct
test because, even if the underlying general equilibrium model were
cotrect, the macroeconomic model might fail because the statistical
aggregation of variables was incorrect., or even impossible to do
correctly. In a more general and more ambitious enterprise, general
equilibrium theory has been used to iry to explain ‘business cycles’, if
only in a qualitative fashion (see, for example, the last chapter of
Value and Capital). The study of securitics markets - ‘finance’, as the
topic is usually called in business schools - is also an area where one
might argue that general equilibrium theory has been empirically
tested. 1 shall return to these topics later, _

H is fascinating that, while general equilibrium theory has been
subject to few direct empirical tests, the bulk of theoretical effortin
this subject over the past fifty years has been directed towards
making the theory more ‘realistic’. By this I mean that the assunip-
tions of the theory were made more realistic, no doubt in the hope of
reaking the conclusions or predictions more realistic as well ] shall
call this the process of realism development, and devote a part of thig
chapter to sketching this process. (I shall refrain from specuiating
about any possible casual connections between these two aspects of
general equilibrium theory, namely, the paucity of direct testing and
the process of realism development.)

A convenient starting-point from which to describe the process of
realism development is the group of roughly contemporaneous papers
by Arrow, Debreu, and McKenzie on the existence of general equi-
librium, as summarised by G. Debreu in Theory of Value (1959). 1
shall refer to the model (or set of models) described so suceinetly in
the last work as the ‘Arrow-Debreu-McKenzie' — or ADM — model.
Very briefly, in the ADM model there are finitely many economic
agents (consunters and producers), dates, and commodities at each
date, In fact, to understand the beauty (and limitations) of the ADM
model, it is best (o think of the date of delivery or availahility of a
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commodity as just one of its defining characteristics, along with its
location and other physical characteristics. One can then imagine that
before the beginning of time there is one large market for all of these
commaoditics at once, in which the prices are determined by the
equality of supply and demand. {(Other stories are possible; see
below). Although the ‘method’ is borrowed from a ‘static’ picture of
an economy, the predictions can be ‘dynamic’ in the sense that the
commodities are dated, Thus, if in the list of commodities one can
identify something called ‘wheat’ at a number of successive dates,
then an equilibrium of the model will predict the evolution of the
quantities of wheat traded and the corresponding sequence of wheat
prices.

1t is possible to postulate a market structure other than the single
market before the beginning of time that T have just described (see
beiow for an example). However, if the set of trading opportunities is
in a certain sense equivalent to that provided by the once-and-for-all,
beginning-of-time market, then the market structure is called com-
plete.

1n the process of realism development, five features were incorpor-
ated into the ADM modet:

1. Uncertainty: agents are uncertain about the environment of the
cconomy, including the tastes and beliefs of the other agents.

2. Incompleteness of markets: the market structure is not such as to
permit the full range of possible trades envisaged in the ADM
model; in particular, there are not markets for bets about the
outcomes of all possible future events.

3. Heterogeneity of information: not all agents come to the markets
with the same information about the environment. This has three
different conseguences that can be taken account of in the
theory:

(a) an agent’s information effectively constrains the set of sirat-
egies available to him;

(b) agents may learn from equilibrium prices something about
other agents’ information, and hence something about the
enviropment;

(¢) the contractual relations among agents are subject to moral
hazard and adverse selection.

4. Overlapping generations: there is a long succession of agents in
the economy, with many agents active at any one time, but with
only partly overiapping active lifetimes.
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5. Departures from perfect compelition: this rubric covers a multi-
tude of ‘imperfections’, and their analysis had made economic
equilibrium theorists more and more dependent on the methods
of game theory.

It is characteristic of the process of realism development that only
ane or two of the above features have been incorporated into any one
elaboration of the ADM model. Nor is it clear that it should be a goal
of equilibrium theory to incorporate all of these features into a single
model, even though each one is clearly important and they probably
interact in significant ways, 1 hope that the rest of this chapter will
shed some light on this question.

Another side of general equilibrium theory is the study of ‘econ-
omic welfare’. Recall that a feasible state of an economy is cajled
Pareto-optimal if there is no other feasible state of that economy in
which no consumer is worse off and at least one consumer is strictly
better off. It is now well known (see Debreu, 195%; Arrow and Hahn,
1971), that under ‘standard assumptions’, (i) an equilibrium of an
ADM model is Pareto Optimal, and (roughly speaking) (ii} every
Pareto-optimal state is an equilibrium for some set of prices and some
distribution among the consumers of the given total resources and
shares of firms (the latter is sometimes called the ‘distribution of
initial endowments’), These will be referred to here as the two
welfare theorems. Theorists have also studied the question whether
one can tell from simple quantitative measures, like index numbers of
output, if a change of state of an economy represents an improve-
ment in economic welfare, and in what senses (see Chipman and
Moore, 1980a, 1980b) though 1 shall have no space to discuss this
interesting subject here.

The use of general equilibrium theory to assess the welfare effects
of alternative economic policies is a worthy goal. But surely it is trite
to observe that such an exercise is valid only to the extent that the
theory is realistic in its description of the economy. Thus even the
economist primarily interested in ‘normative’ economics cannof re-
sponsibly avoid the question of realism.

In the rest of this chapter, I shall give a bricl and impressionistic
survey of selected stages — or rather strands — in what | have called
above the ‘process of realism development’. For each strand 1 shall
try to summarise in a stylised way what has been lfearned about
preconditions 1-3, the two welfare theorems, and equilibrium dy-
namics. The concluding sections sketch an overall view of (hese
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developments, and offer some speculations about the course of future
research,

2 TIME AND CERTAINTY

Recall that, under conditions of certainty, the ADM model accom-
modates ‘dynamics’ by dating conumodities, More precisely, com-
modities that are supplied and/or consumed al different dates are
distinguished as different, even if they otherwise have the same
physical characteristics and location.

We may think of the market as taking place once and for all before
the first date in the model. Contracts are made in that market
specifying all of the deliveries and receipts that will ever take place. I
prices are denominated in units of account, then payments in units of
account are made at the beginning of time. All accounts are settled,
all budgets must be balanced, and all plans must be verified as
feasible at that time. Since there is complete certainty (and agree-
ment!) about the future, there is no difficulty ~ other than compu-
tational ~ in doing all this.

With this interpretation, the prices of commodities corresponding
o future dates are thus ‘discounted’. However, there need be no
single rate of interest; for each ‘commodity’ in ordinary parlance, the
sequence of its prices determines a corresponding sequence of its
‘own-rates’ of interest.

Careful consideration of this last remark leads us to a deeper
problem. Nothing about the ADM model requires that the list of
today’s commodities be the same as the list of tomorrow’s commodi-
ties. For example, ‘automobiles’ next year are likely to be somewhat
different from ‘automobiles’ today.? Furthermore, unless we make
some specific assumptions about the structure of production and
preferences, no conclusions specifically having to do with time will
conme out of the model.

By far the most common approach is to make some assumptions
about the ‘stationarity’ of the data of the problem. Although I cannot
go into much detail about this here, it is necessary to describe in a
little detail the possible meanings of ‘stationarity of technology’.
First, 1 shall use the word ‘commodity’ in the ordinary sense, so that
we can talk about the same ‘commodity’ at different dates. With this
understanding, I shall suppose that there is the same list of commodi-
ties at all dates, Second, since many commodities are durable, but
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their qualities change with age or use (e.g., wine, trees, machines), it
will be useful to distinguish commodities at any one date by those
relevant characteristics, including age or ‘vintage’ where those gual-
ities are important.

Third, production - in the ADM model — transforms one sequence
of available quantities of commodities into another such sequence;
the difference is the sequence of ner ouiputs. 1t is convenient. and
conventional, to represent this sequence of net outpuls as arising
from a sequence of gross inputs and corresponding gross outputs. We
suppose that at the beginning of each period there is a stock (possibly
zero) of each commodity; from those stocks are subtracted the
current consumption in that period, and the rest becomes the gross
input into production. The stocks at the beginning of the next period
are the sums of the gross ouputs from the previous period and the
exagenously determined supplies from outside the system (‘endow-
ments’). The rechnology at a given date for the economy as a whole is
the set of feasible pairs of gross inputs and Outpuls corresponding to
proditction during that period. The technology is stationary il the
date-specific technologies are identical.

- Ishall not give here a correspondingly general definition of station-

arity of preferences. At this point, it will suffice to assume that each
consumer’s preferences can be represented by a sum of discounted
one-period utilities, with a constant rate of discount (impatience),
and the same one-period utility function at all dates. {See below lor
remarks on the more general case.)

With regard to endowments, two special cases have been studied
intensively:

1. There are two kinds of commodities, primary and producible,
The primary commodities are not producible, but are necessary
for production. The endowments of the primary commaodities are
comstant in time, but the endowments of the producible com-
modities are zero except in the first period. All producible
commodities are subject to physical deterioration. Given the
constant supply of the primary commodities, there are sul-
ficiently strong decreasing returns to scale in production (in terms
of the producible commaedities) that gross output is uniformly
bounded over time.

2. All commodities are producible, and their endowments are zero

except in the first period. There are constant returns to scale in
production.?
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Finally, we must say something about the numbers of consumers,
producers. and dates. At this stage of my exposition, [ shall assume
(hat the numbers of consumers and producers are finite. If the
number of dates is also finite. then the model fits quite nicely into the
ctandard ADM framework, and the standard results aboul equilib-
vivm and welfare are applicable, which from a technical point of view
is quite satisfactory.

But from another point of view, the assumption of a finite number
of dates is awkward, since it means that there is an end to the
ceonomy at a foresecable date.® This is not mercly a conceptual
awkwardness: the fnite borizon will typically induce an ‘end-effect’
on agents’ plans that prevent equilibrium quantities and relative
prices from being stationary. Of course, if the haorizon is very distant,
and the consumers are discounting the {uture in their preferences,
one might hope that the end-effect would be small at the carlier
dates. 1 shall return to this point below, but | hope that this remark
makes it at least plausible that it may be mathematically convenicnt
to approximate the case of a very distant but finite horizon with that
of an infinite horizon,

With the assumptions of stationarity of the data, as in Cases ] and 2
above, one can hope to get some fairly sharp predictions about the
time path of equilibrium prices and quantities. In particular, in Case

1. with an infinite horizon, one can hope to show that equilibrium
paths tend towards a steady Siafe as time increases without fimit,
where a steady state is a path along which quantities and relative
prices are constant in time, and all own-rates of interest equal a
common, constant rate, which we are then justified in calling the rate
of interest. In this situation, 1 shall say that the equilibrium path of
prices and quantities is dynamieally stable.

In Case 2, again with an infinite horizon, one can hope to show that
the equilibrium path has the properties of dynamic stability except
that the quantities - instead of approaching constants - tend towards
a path of proportional growth, in which refative quantities (quantity
ratios) arc constant, and all quantitics change at the same geomedric
rate of growth (positive or negative). in this situation, | shall say that
the equilibrium path has the trnpike property, and that the Hmit path
- the path of proportional growth and constant rate of interest
towards which the cquilibrium path tends — s the nurnpike.

‘The early work on equilibria with the turnpike property, in which
Professor Hicks played a stimulating role, concentrated on the special
case in which there is only one consumer.” Because of the second
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wellare theorem (see Section [} This case is not so special after all,
Typically, a competitive equilibrium wifl be Pareto-optimal (the
second welfare theorem), and thercfore there will be a set of non-
nega‘{iv.c weights such that the Parelo-optimum in question also
maxnnises a weighted linear combination of the uiilities of the
consumers. This lincar combination - the social wellare function --
could be thought of as the utility function of a single virtual consumer
who represents society. This reduction to a ‘representative consunier’
or ‘social wellare function’ s notl so innocucus as it may sound. The
particular sct of weights corresponding to a particular equilibrinm
will typically depend on the equilibriuim in question. Thus a change in
tl-m production technology of the economy, leading to a new equilib-
rm, will also typically Tead (o a new social welfare function,
Tfurthermorc. it different consumers have different discount rates
(impaticnce), then the weighted average of their utility functions wil)
not represent stationary preferences. "
\ In addition, the carly twnpike theory also dealt with the case of o
finite horizon. In this case, the tumpike property is rephrased: the
path spends ‘most” of its time close to the turnpike. Third, early
turnpike theory dealt with the case in which the {single) consumer
does nat discount fulure uotility, or assigns utility 0nfy to the final
stock of commodities. (Because of the finite horizon, this does m.)l
lead to a poorly posed problem, as it would in the case of an infinite
horizon.) )
. Early turnpike theory produced propositions of the following type:
in Case 2, il society’s preferences are homothetic and there is no
nnpaficnce (no discounting of future utility), if the technology is in a
certain sense indecomposable, and if the ‘standard” ADM ;_nssum;u-
{um.s are otherwise satisfied, then for a sufficiently distant (hul finite)
horizon the equilibsium (optimal) path has the l.m‘n;)ike property.
The next slep is to consider models with an infinite horizon. In
what follows | shall limit myself (unless otherwise noted) 1o Case |
ztho.ve. i which gross output and alt one-period utifities are bounded.
if one moves o a model with an infinite horizon, but tries to
m‘ainlain the assumption of no hnpatience, one faces some defi-
nitional problems. For example, even il a sequence of one-perind
uttities is bounded {as it would be in Casc 1), the undiscomnied sum
of utilitics might not converge. One way to address this difficulty is (o
define the wutility of the sequence to be the long-run-average of the
m?c—p‘erim! atilities,® Since this criterion is rather crude. more refined
criteria for optimality without impatience have been stwdied. One
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such criterion was introduced by Ramsey (1928). Recall that in a
steady stale (we are in Case 1), the quantities produced and con-
sumed are constant in time. As we vary the initial endowments of
producible commodities, we generale a family of steady st ates.” With
sufficient regularity assumptions, among these steady states there will
be (at feast) one that has maximum utility per period; call this last the
optimal steady-state wility. For any given path and any given period,
define the corresponding one-period loss to be the difference between
the optimal steady-state utility and the utility for that path in that
petiod. Ramsey’s criterion for judging a path is the sum of the
one-period losses, or the rofal loss. One has to show, of course, under
what conditions this total loss is well-defined; in interesting cases it is
cither positive or infinite. In these cases, a path is Ramsey-optimal if,
among all feasible paths with given initiat endowments of producible
commuoditics, # has minimum total loss. In oa patticular (one-
consumer) moedel with a single producible commodity, Ramsey
showed that @ Ramscy-optimal path is dynamically stable, and more-
over converges o an optimal steady-state path. Ramsey’s analysis
was significantly extended to the many-good case by Gale (1967),
Brock (1970}, and others, and conditions for the validity of the two
welfare theorems have been rather thoroughly explored.®

I furn now to the case of mnpatience, Tn some sense, this case is
matliematically betler behaved. For any bounded sequence of one-
period utilities, and any positive rate of discount, the discounted sum
of utilities is well-defined, and is also well behaved as a function of
the sequence of one-period utilities. Generally speaking, with regu-
larity assumptions that are reasenable in the context of the model,
the preconditions for equilibrium theory are met, and the two welfare
theorems are valid.”

On the other hand. recent rescarch has shown how, as the con-
sumers' impatience increases, equilibrium paths may lose their dy-
namic stability. (An early example was provided by Sutherland,
1979} Benhabib and Nishimura (1985) have studied a model with
one consymption good and one capital good in which equilibrium
paths tend towards cycles if the rate of discount of future utility lies in
some interval, provided that the production of the consumption good
is sufficiently more capital intensive than that of the capital good, and
the capital good does not depreciate too rapidly. On the other hand,
for discount rates below that interval, the equilibrium paths will be
dynamicaily stable, In a continuous-time version of this model,
Benhabib and Nishbnura demonstrate similar phenomesna, excep
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that they require the presence of at feast two capital goods. Equilib-
rium cycles can also result from delays between investment and
outpuf; see {Rustichini, 1989).

indeed, cyclic behaviour is not the only alternative to dynamic
stability for equilibrium paths. Even more recent research has shown
that the dynamics of cquitibrium paths can be arbitrarily complex,
that is, ‘chaotic” {Boldrin and Montrucchio, 1986: Deneckere and
Pelikan, 1986). In particular, Boldrin and Montruechio have shown
that, given a stationary technology and a positive discount rate. there
is a one-period utility function such that the corresponding optimal
path is chaolic, '

Much remains to be done to explore (he dynamics of equitibrium
with many commaodities and many apents, Nevertheless, a pattern
seems to be emerging: for given one-period mtility functions and
stationary technology:

L. cquilibrivnn paths will be dynmmically stable i consumers are
sufficiently patient, whereas

2. for discount rates away from zero, equilibrivm paths may he
asymptotically cyclic, or even chaotie.

Albof this is possible with complete certainty and complete markets,

i close this section with some supplementary vemarks about the
case of certainty. The first remark concerns the concept of efficiency.
A programme is a scquence of net outputs (totalled over all of the
firms in the economy) that is feasible given the technology and 1o1al
emdowments of the economy. A programme is efficient if there is no
other programme that has a larger net output of some commaodity at
some date, and no smaller net output of any commodity at any date.
H all commaoditics are desirable, then efficiency is & necessary con-
dition for Pareto-optimality, but is clearly not sufficient for nn)ﬁ:hfml
set of preferences. Indeed, efficiency is a property of production
alone. Corresponding to the two welfare theorems for competitive
equitibrium, there is a close relationship betwecen efficiency and the
maximisation of profit by the units of production, K(mpma‘ns (1957,
ch. I, section 3, 4) provided an excellent exposition of this theory in
both the static and intertemporal contexts. the faiter based in p;tré O
the earlier contribution of Malinvaud (1953). More recent results are
discussed by Cass and Majumdar (1979) and Majumdar (1988).

A seeond remark concerns the concept of S&ztﬁnn:\W ;ﬁcl'f:rcnc:‘s:.
Koopmans was evidently the first to demonstrate that this conce
could be generalised beyond the case of preferences represented by o
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sum ol discounted identical one-period wtility functions (with a
constant discount rate): b shall cail this latter case stationary dis-
counted wility, Let € denote an infinite sequence of consumption
vectors. let ¢ denote the first vector in the sequence C, and let €7
denote a new infinite sequence formed by removing the first vector,
¢, from the original sequence, C. A general representation of station-
ary preferences is U(C) = V]e, D(C*)]; this is sometimes called
recursive utility. (I have omitted any discussion of mathematical
regularity conditions; for a thorough treatment see Koopmans,
1986.) Although stationary discounted utility is a special case of
recursive utility, it implies properties of intertemporal equilibrium
that are strikingly different from (and probably less realistic than) the
properties implied by ‘most’ recursive-utility preferences. For analy-
ses of Pareto-optimal programmes with recursive utility see Lucas
and Stokey (1984), Benhabib et af (1987), Dana and Le Van (1987),
andl the references cited there.

FFinatly, I remark that the conditions of non-increasing returns to
scale and decreasing marginal productivity have typically played an
important role in the analysis of ADM models; these conditions are
summatised under the mathematical condition of “convexity of pro-
duction sets’. Nevertheless. some progress fras been made in charac-
terising optimal growth when non-convexities are present; sce
Majumdar ef al (198R) and the previous research which they cite.

3 THE DEVELOPMENT OF REALISM

in the previous section, I reviewed models with complete markets,
certainty, a finite number of agents, an infinite time horizon, and
stationary preferences and technology. ln that case, we see emerging
a pattern in which:

1. the ‘preconditions’ for a satisfactory equilibrium theory are gen-
crally fulfifled, that is, equilibria exist, are locally unique, and are
{generically) well-behaved as a function of the data of the model;

2. the two wellare theorems are valid {(with some qualifications for
the limiting case of no impatience);

3. equilibrium paths are dynamically stable if consumers are suf-
ficiently patient, whereas

4. for discount rates away from zero, cquilibrium paths may be
asymplotically cyclic, or even chaotic.
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In the present section | shall briefly sketch the different strands of
rescarch in the development of realismy, as Hsted in Section |

3.1 Uncertainty with Complete Markets

The ADM model was not originally put forward for the case of
uncerfainty, bul an ingenious device introduced by Arrow (H953),
and further elaborated by Debreu (1953, 1959}, enabled the theory to
bhe reinterpreted to cover the case of uncertainty. The basic idea was
to distinguish commodities, not only by their physical characteristics,
location, and date, biit also by the environmenial event in which they
are made available and/or used. Thus contracts could be nade for
delivery contingent on any event. For example, a *het’ is a contract in
which money s paid today in exchange for a promise to deliver
money at a future date if a specified eveat has happened by that date.
{hat is. a promisc to deliver money at a specified date-event pair. 1In
what 1 shail call the Arronv-Debreu (A1) model of markets with
uncertainty, the market is complete with respect to both time and
uncertainty.

If we futroduce uncerlainty into the ADM model in this way, bu
feave the other features unchanged (as in Section 2). then the results
arc shmilar (o those fr the case of cerlainty, except that the fwo
dynamic behaviours, ‘steady state’ and ‘cycling’, which are distinet i
the case of certainty, typically become merged in the behaviour of a
stationary stochastic process.' Correspondingly, ‘dynamic stability’
is now interpreted as convergence (o a stationary process. Note that a
stationary process can produce sample paths that look something like
‘business cycles’, for appropriate patterns of serial correlation.’

On the other hand, these models, with or without uncertainty. do
not justify any significant role Tor either (i) money-like assets and
other purely financial securities, including stocks, or (it} active com-
modity markets at every date (not just at the beginning of time). In
this sense, these important institutional features of modern capitalist
cconomies arc not explained by these models.

3.2 Egquilibriz in Sequences of Incomplete Markets

Limitations on agents’ capacities for observation, commnunication.
and computation, and other ‘transactions costs’, make it inuitively
clear why markets are not complete in the Arrow-Debreu sense, and
hence why there are active, but incomplete, markets at every date.
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The presence of incomplete markets, however, leads to some ambi-
puity about the best way o extend the Arrow-Debreu modet, and
the corresponding definition of equilibrium, to this case.'?

A number of new issucs arise. First, there is uncertainty about the
prices that will hold in future markets, as well as uncertainty about
the environment, Second, producers do not have a clear-cut natural
way of comparing net revenues at different dates and states. Stock-
holders have an incentive to establish a stock exchange, since it
enables them to change the way their future revenues depend on the
states of the environment. As an alternative to selling his shares in a
particular enterprise, a stockholder may try to influence the manage-
meat of the enterprise in order to make the production plan conform
better to his own subjective probabilities and attitude towards risk.

Third, consumers will typically not be able to discount all their
‘wealth” at the beginning of time, because (i) their shares of pro-
ducers” fiture {uncertain) net revenues cannot be so discounted and
(it} they cannot discount all their future resource endowments, Con-
sumers will e subject to a sequence of budgei constraints, one for each
date {rather than (o a single budget constraint relating the present
cost of his consumption plan to his present net worth, as in the
Arrow-Pebreu cconomy).

Fourth, ceonomic agents may have an incentive {o speculate on the
prices in future markets, by storing goods, hedging, etc. Instead of
storing peods, an agent may be interested in saving part of one date’s
income, in units of account, for use on a subsequent date, if there is
an institution that makes this possible. 'There will thus be a demand
for ‘money’ in the form of demand deposits.

Fifth, agents will be interested in forecasting the prices in markels
at future dates. These prices will be functions of both the state of the
environment and the decisions of (in principle, all) economic agents
up to the date in question.

Consider now a sequence of markeis at successive dates. Suppose
that no market at any one date is complete in the Arrow-Debreu
sense: that s, at every date and for every commodity there will be
some future dates and some events at those future dates for which it
will not be possible to make current contracts {or future delivery
contingent on those events, In such a model, several types of ‘equilib-
rivm” concept suggest themselves.

First, we may think of a sequence of ‘momentary’ or ‘temporary’
eguilibria in which the current market is cleared at each date. The
prices al which the current market is cleared at any one date will
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depend upon (among other things) the expectations that the agents
hold concerning prices in Tuture matkets (1o be distingnished from
futures prices on the carrent market!). We can represent a given
agent’s expectations in a precise manner as a function (schedule) that
indicates what the prices will be af o piven fulure date in each
clementary event at that date. This includes, in particular, the rep-
reserlation of future prices as random variables, il we admit that the
uncertainty of the agent aboul future evestls can be scaled in terms of
subjective probabilities (Savage, 1954).

In the evolution of & sequence of momemary equilibria, each
agent’s expectations will be successively revised in the Tight of new
information about the environment and about current prices. There-
fore, the evolution of the economy will depend upon the rules or
processes of expectation formation and revision used by the agents.
In particular, there might be interesting conditions under which such
a sequence of momentary equilibria would converge. in some sense,
to a (stochastic) steady state. ‘This steady state (for exanmple, a
stationary probability distribufion of prices) would constitute a sec-
ond concept of equilibrium. '

A third concept of cquilibrivm emerges if we investigate the
possibility of consistency among the expectations and plans of the
various agents. I shall say that the agents have common expectations
if they associate the same (future) prices to the same events. {Note
that this does not necessarily imply thal they agree on the join
probability distribution of [uture prices, since different agents might
well assign different subjective probabilities to the same event). 1
shall say that the plans of the agents are consistent if (i) for each
commodity, cach date, and each cvent at that date the planned
supply of that commodity at that date in that evemt equals the
planned demand, and (i) a corresponding condition holds for the
stock markets. An equilibrivn of plans, prices, and price expectations
(PPPE) is a set of prices on the current market, a set of common
expectations for the future, and a consistent set of individual plans,
one for each agent, such that, given the current prices and price
expectations, cach individual agent’s plan is optimal for him, stbject
to an appropriate sequence of budget constraints.

A fourth concept of equilibrium has been proposed to deal with the
sifuation in which traders citer markets with different non-price
information (uformation abouwt the econonic environment other
than prices). This situation presents an opportunity for agents to
fearn about the environment from prices, since markef prices reflect.
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in a possibly complicated manner, the non-price information signals
received by the various agents. These inferences are derived, ex-
plicitly or impficitly. from individuals” own ‘models’ of the relation-
ship between the non-price information received by market
participants and the market prices. On the other hand, the true
relationship is determined by the individual agent’s behaviour, and
hence (jointly) by their individual models. An equilibrium of this
systen, in which the individual’s models are identical with the true
model, is catled a retional expectations (RE) equilibrium.

Of these four concepts of equilibrium, the third (PPPE) is pechaps
the closest in spirit to the Arrow-Debreu theory. Itis also, | believe,
closest to the notion of ‘equilibrivum over time’, described in Volue
and Capital. \n chapter X of Value and Capital, Hicks distinguished
two senses of cquilibriun:

i, “Temporary cquilibrium’, in which at a given date supply equals
denmand;

2. ‘Equilibrium over time’, which he defined by the additional
‘condition that the prices realized on {each date] are the same as
those which were previously expected to rule at that date” (Value
and Capital, p. 132). With regard to uncertainty, he added that
‘the expectations of entrepreneurs are in fact not precise expec-
tations of particular prices, but partake more of the characler of
probability distributions . . " (Value and Capital, p. 133).

1 shatl call this last the condition of fulfilled expectations.

In tater writing, Hicks explicitly added a third condition, that no
agent can improve his position by {unitaterally) changing his strategy.
As he put it in Capital and Growth (p. 23): ‘there is equilibrium when
all “individuals™ are choosing the quantities, to produce and con-
sume, which they prefer. To a conception of equilibrivm that is of this
type we must hold fast' (my emphasis). This is echoed in Causality in
Feonamics {p. 45): ‘all opportunities for advantageous change that
are presented within the model must be taken’. We might call this the
Hicks-—-Nash condition of cquilibrivm.

All told, then, we have three conditions for equilibrium over time:

1. the Hicks-Nash condition;
2. fullilled expectations;
3. markel clearing.

I would classify the temporary equilibrium concept as a ‘bounded
rationality” approach (see Section 5). Although this is a very promis-
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ing notion of cquilibritum, and Tleave it ta Grandmont to discuss it in
detail here.

3.3 Eqguilibrium of Plans, Prices, and Price Expectations

Tn the previous subsection 1 defined, in the context of a sequence of
mcomplete markets, an equilibrivm of plans, prices, and price expec-
tations (PPPIZ), which 1 argued was a natural elaboration of the
Hicksian equilibrivem over tine. In a PPPE equilibrium, agents agree
on the prices that will obtain at each date-event pair, but may have
different beliefs about the fikelihoods of those events, as well as
different attitudes towards risk. In an equilibrivm, they update their
expectations and (individually optimal) plans like good Bayesians as
they receive new information. Fhis Bayesian updating is, of course,
part of their individually optimal strategies.

In a PPPE cquilibrium we boegin to see n hreakdown of the
standard properties of the ADM model. Fast, equilibrivm need not
exist, cven wunder ‘standird’ assumptions about preferences and
technology. The difficulty stems from the fact that {because of the
incompleteness of markets), agents Mee a sequence of budget con.
strapnds, instead of a single one at the beginning of time, and the
positions in assets that agents may take - and may want (o take - are
unbounded. Fven under strong vegularity conditions, it appears tha
one can only guarantec the generic oxistence ol a PPPE equilib-
rium,

Second, equilibria need to be “determinaie’, that is, need not be
locally unigue; in fact, there can he a continuum of equilibria. This
can happen even in a two-period model, in which assets are denomi-
nated in ‘inside money’.'™ [t can alse happen in so-called ‘sunspot
equilibria’, in which eventual allocations depend on events ihat are
not pay-off-relevant for anyone (extrinsic uncertainty). (In other
words, in sunspoi equilibria agents’ actions may be functions of
exogenous randon variables that have no direct influence on prefor-
ences or technology.)'® Taking this together with the previous para-
grapi, we sec that the preconditions for a fully satisfactory equi-
librium theoty are no longer present in the case of mcomplete
markets.

Third, PPPE cquilibvia need not be optimad, not even il one
defines ‘optimality’ to reflect the constrained set of resoanrce allo-
cations that can be atiained with an incompiete set of markets, In
fact, with a particalar definition of ‘constrained optimatity’. one can
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show in a model of pure exchange that PPPE equilibria are generi-
cally not optimal.'” (I shall say nothing about the dynamics of PPPE
equilibiia, since the topic has so far received little attention.'®)

3.4 Rational Expectations

The preceding discussion has concerned models in which agents are
assumed to have fiomogeneous information, that is, all agents have
the same (incomplete) information at each date event pair. The more
realistic case of heterogeneous information across agents leads to
further problems in both the definition and characterisation of equi-
libria. In any reasonable definition of equilibrium, prices will re-
veal somcthing of the information held by individual agents (in the
language of statisticians, a price will be a ‘statistic”), and hence reveal
something about the stite of the economic environment that affects
agents” utilities directly (not just through their budget constraints). in
a rafional expectarions {RE) equilibrivm sgents know enough about
the relationship hetween states of the environment and equilibrium
prices at a given date-event pair to be able to condition their expec-
tations aboul future cvents on those prices.

LEven with a finkte time horizon (two periodst), RIE equilibria need
not exist, bud it has been shown that (roughly speaking) in pure-
exchange cconomies RE equilibria exist generically. RE equilibria
wiil typicaily not be {ully optimal, except in the special case in which
the equilibrium prices fully reveal all the agents’ information. In fact,
the latter will happen generically if there are only finitely many
alternative states of information for all of the agents taken together."”

b think it can e argued that the theory of equilibrium with
transactions costs and incomplete markets makes a significant step
fowards ‘explaining’ ~ at least qualitatively — such facts of economic
life as speculation and the trading of money-like asse(s and stocks.
On the other hand, both the PPPE and {even more so) the RE
cquilibria place unrealistically great demands on agents for sophisti-
cation, computation, and understanding of the economy.

3.5 Overlapping Generations

The overlapping generations (O1LG) model takes a further step towards
realism by recognising that the lives of economic agents {especially
consumers) are short compared with the life of the economy. For-
maily, in OLG models agents have finite lives, whereas the economy
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fasts for infinitely many periods, so there are infinitely many agents,
One implication of the QLG assumption is that equilibritm may be
indeterminate under conditions of certainty, provided there is a
suitable complementarity between present and future consumption.
OLG models can also have sunspot equilibria. Finally, OLG equilib-
ria need not be optimal. On the positive side, with the O1LG assump-
tion one can construct models with equilibria in which agents hold fiat
money (although there may also be other equilibria in which they do
not). ™

A curious feature of an OLG equitibrium is that, in a sense. the
equilibrium prices have to be “known’ or “foreseen’ from the begin-
ning of time, even though only a {inite number of the (infinitely
many) agents are alive at the beginning of time. This would not he
totally absurd if the equilibrium were unigue, so that all agents. once
they began (o make economic decisions. could calculate and foresee
the same sequence of equitibrium prices. With indeterminacy of
cquilibritnn, the agents who are active at the beginuing of time must
(jointly) pick an equilibrium, and then make sure that all succeeding
generations are informed and convinced about the details of the one
that they have chosen. To tell a different story, if the equilibrium is
picked by some “Walrasian tdrounement, or other algorithm, then all
the excess demand funclions of all the agents {unborn as well as born)
must be represented in the equilibrating process at the beginning of
time! Note that this problem arises even if there are only finitely
many eqguilibria, but more than one,

3.6 Moral Hazard and Adverse Selection

Heterogenety of information across agents is accommaodated in some

rational expectations equilibrium. But beyond these implications of
heterogencous information, one must add the phenomena of moral
hazard and adverse selection. In a way, we can think of these phenom-
ena as introducing cxternalities into the relations among agents,
These externalities are nol ondy present with farge numbers of com-
peting agents, but they have a tendency (o lead o long-term relation-
ships among agents, involving bargaining and other strategic behav-
iour inconsistent with the assumptions of pure competition and
price-taking.

Recent years have seen an explosion of rescarch on moral hazard
and adverse selection.”! However, it woukd be an exaggeration to say
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that this research has had as yet more than a minimal impact on
intertemporal peneral equilibrium theory.

A7 Relationships with Game Theory

The coneept of general equilibrium is close to that of the Nash
equilibsium of a non-cooperative game, except thal:

I, the ADM modei — as usually formufated - does not specily the
outcomes o econamic agents out of equilibrivm;

2. agents <o not take account of the potential effects on prices of
changes in their own actions, that is, agents are assumed to be
‘price takers’.

Recent developments in game theory, especially the theory of Harsan-
yi equilibrium with incomplete information, have revealed problems
anddogous to those we have found in intertemporal general equilib-
rivm theory: indeterminatencss of equilibria, and ‘unsatisfactory’
nature of many equilibria, unreasonable demands on the agents’
powers, ete. The rofe of expectations seems to be key in generating
these problems in both areas of research.®

A more substantive connection between the two fields is develop-
tig as ceonomic theorists attompt (o incorporate elements of imper-
feet competition into theories of market equilibrium, all the way back
to the study of bargaining.” This development is too vast for me to
summarise here, but 1 speculate that the substantive connection will
lead Lo a convergence of methodology as well.

4 TAKING STOCK

The part of the theory of intertemporal general equilibrium that is
closest to Vedue and Capital is embodied in ADM models with
certainty, a finite or infinite time horizon, and possibly stationary
preferences and fechurology (see Section 23, Although some of the
most interesting results in this arca are quite recent, and the process
of realism development started quite carly, there is a certain logic in
taking the ADM model with time and certainty as the point of
departure for the process of realism devetopment. As we look back
on this process, several features stand out {(although each is subjcct 10
various qualifications, or has been only imperfectly explored):
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1. The assumprions of the model were progressively modified to
make them more realistic,

2. Certain important features or institawtions of economic fife - like
active muwrkets at every dite, stock markets, the holding of fiat
money, ete, -~ which were nof compatible with the ADM madel
with certainty and time, became compatible with the new models.

3. With more realistic asstmptions, the preconditions for a fully
satisfrctory equilibrium theory did not emerge as clearly, or were
ne longer present. Equilibria could be shown fo exist only generi
cally. When they existed. they might be indeterminate.

4. The range of validity of the two welfare theorems was dimin-
ished; in particutar, equilibria were sometimes - or even “most of
the time’ (gencrically) ~ not opt,im'af.

5. Although the range of possible cquilibrivm dynamics was already
quite large in the ADM model with certainty, with the introduc-
tione of uncevtaily the meaning of “dynamie stability” heeame Jess
sharp, and the predictions of the theory becane fess crisp.
(Inddeod, Tittle rescarch seems {o have Been done on the dynamies
of markets with incomplete markets.)

6. While the assumptions became more realistic, the definitions of
equilibritun became fess so. Greater and gremter demands were
placed on the abilitics of the agents 10 process information,
compuic aptimal strategics, understand the ‘laws’ povering the
economic system. and select one of the possibly many eqguilibria,
in the case of the QLG model, the definition of equiibrium
raised the further question of whether any soctal process or
algorithm coukd even in principle produce an cquilibrinm set of
prices wnd plans.

7. We noted a parallel between these developments and similar
developments in the general theory of non-cooperative pames
with incomplete in{ormation, especiatly sequential games.

What have been the positive contribritions of the development of
intertemporal general cquilibrivm theory?

E. First, in a general, qualitative way, it has improved our ‘under-
standing of how markets work®, of financial institutions, capital
assct pricing, the ‘invisible hand® and #ts fmbations, and some
possible sources of dynamic stability und instability,

2. Even the indeterminacy of equilibrium has s positive side. It
suggests that, even il we were currently on an equilibrium path,
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we would have (o look to ‘historical accident’ to account for the
particutar selection of that path from among the many equilib-
rium candidates, (Tn other words, “history matters’, which is not
implausible.) I also points o the possibility of shifts from one
equilibrivm path to another, brought about by cencerted social
action. (Sce Geanakoplos and Polemarchakis, 1986a.)

3. One might hope for more detailed and even quantitative confir-
mation of intertemporal general equilibrivm theory. One natural
place 1o look for such confirmation is the field of macroecon-
omics. § hesitate to make any generalisations here, because I am
definitety out of my field of expertise. However, my impression is
that there is not an abundance of ‘empirical regularities’ waiting
to be explained (see, for example, Tebin, 1985). On the other
hand, # may be too much to expect equilibrium theories to
explain annual (not to mention quarterly) changes in macro-
ceonomic magnitudes. Tobin, writing about the ‘older neoclassi-
cals” (including Tlicks and Samuelson), deseribed them as finding
‘the neoclassical paradigm useful for long-run trends but saw
nothing problematic in departures from those trends for a variety
of reasons, for example, market imperfections, adjustment costs,
inforruadion jags. ‘Fhese departures need not imply any irration-
ality or any permanent failure of markets to clear; the properties
ol [ull general equilibrium should not be expected te hold every
day or every year® (Tobin, 1985, p. 114).”

One might therefore turn Lo the field of economic development for
a potentially fruitful ficld of application. Here again | am out of my
depth, but it is my impression that empiricai regularities in this field
seem more clusive today than they did two or three decades ago. ™

5 LOOKING AHEAD

Much can stifl be done to further the process of realism development
i models of intertemporal equilibrium; I mention a few obvious
topics:

1. survival and failure, entry and exit;
2. rescarch and development, ‘Schumpeterian competition’;
3. increasing returns o scale, the behaviour of farge rms.

But unicss the development of {he realism of assumptions is matched
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by a corresponding development of the reatism of the equilibrivm
cancept, 1 ear that overall progress will be Timited.

Recali the definition of equilibeium given by Hicks 0 Capirtal and
Orowth {p. 23% “there is cquilibrium when all “individuals™ are
choosing the quantities, to produce and consume, which they prefler,
To a conception of equilibrivm that is of this type we must hokd fast”
This is echoed in Causality in Feonomics (p. 45): “all opportunities
for advantageous change that are presented within the model must be
taken’. I have called this the Ficks—Nash condition of equilibrium,
There are, of course, two other conditions that are required by a
full-fledged Walrasian-¥licksian market equilibrium {as in the eqgui-
jibrtum of plans, prices, and price expectations). The first is that
expectations should be fulfitled {(at least probabilistically, or state-
by-state). The second is that markets should clear. So alt in all we
have three equilibriuny conditions, or nwywe generally, three types of
equitibrium condition:

1. the Hicks-Nash condition:
2. fulfilled expectations;
3. market clearing.

[t is the first two conditions that | shall concentrate on here.

We have been told that - as ceonomic theorists - we should pay
more attention to (i) bounded rationality and (i} out-of-equilibrium
behaviour. It seems 10 me that, from the perspective of the equitib-
rium conditions 1 and 2 above, these lead 1o the same inguiry.® By
definition, if the Hicks-Nash condition is not satislied, some agent is
nof exploiting an ‘opportunity for advantageous change’, something
we would usually characterise as ‘cconomically ivrational’, or ‘bounded-
by rational’. Il expectations are not fulfilled, tat s, i an agent
ohserves an cvent to which he had previousty assigned a zero prob-
ability, then one might also say that his expectations were in some
sense irrational or boundedly rational, although the case is not so
compelling.®’

Earlier | alluded to the possibility that a multiplicity of equilibria
would give a preater inrportance to history in determining the current
equilibrivm path. Hahn (1987) has shown how this could actually
happen through the mechanism of out-of-equitibrium behaviour, As
he put it, ‘the state of the economy that we single out as an equilib-
tium depends on our theory of the behavior of agents oot of tha
equitibrium™ (p. 321).

What are the ohstacles to cconomic rationality that economic
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theorists should consider? One of the best-known recent writers on
this subject is Herbert Simon, who has emphasised the limitations on
obscrvation, reasoning. and general information processing to which
humans are subject. However, despite the writing zm'd u'rging of a few
colleagues,” these ideas have made !1ardl_y a dent in mtgrtelqporlai
equilibrium theory. The recent interest in ‘bounded r:?tunmh!.y in
game theory has concentrated on the limits that finite memory
imposes on the complexity of sirategigs ‘that players can pursue in
sequential games. One must applaud this interest, although I suspect
that Hmitations of memory will not turn out to be the most crucial
factor that limits the complexity of strategies.

Hicks and others before him were aware of the problem of com-
plexity. In Capital and Growth (p. 102}, after discussing a pro‘biem in
stock adjustment, he wrote: ‘It is hardly a discovery . . . to f:ncl‘ that
we are unable to “simulate” the behaviour of intelligent business
management by any simple rule.” Later in the same book (p. 197),
alter a discussion of the problems that arise in a ‘traverse” from one
dynamic equilibrium to another, he wrote: ‘In an actual economic
situation, all these problems arise at once, while (because of th‘e
advance in technology) the equitibrium at which the economy is
atming is continually shifting. No wonder there is a problem of
business management!’

Another well-known obstacle to rationality is ‘passion”. A. O.
Hirschman has discussed this matter at length in a stimulating and
detightful book, The Passions and the Interests (!‘-l.irschman: 1():7:7),
and T cannot resist reproducing here some passages cited by .!nm. The
background is the emergence in the seventeenth and eighteenth
centuries in Europe of an ‘infatuation with interest as a key to the
understanding of human action’.? Thus Helvetius is quoted as pro-
claiming: *As the physical world is ruled by the laws of movement so
is the moral aniverse ruled by laws of interest’ {p. 43), But there were
dissenters from this view. For example, Spinoza: ‘All men certainly
seek their advantage, but seldom as sound reason (Eictatgs; in most
cases appetile is their only guide, and in their desires and judgements
they arc carried away by their passions, which take no account of the
future or of anything else” (p. 44). ‘

Hirschman aiso quodes ‘this ironical remark of the Margms of
Halifax: “If men must be supposed always to follow their true
interest, it must be meant of & new manufactory by God Almighty;
there must he some new clay, the old stuff never yet made any such
infallible creature™” (p. 43).
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As one might expect from the French, La Bruydre summed it up
most dramatically and concisely: ‘Nothing is easier for passion than
to defeat reason: Hs great trinmph is 1o gain the upper hand over
interest’ {p. 46).

I doubt that I have to cite more recent soutrces to convince you that
passion plays an important role in economic life. Unfortunately, | am
not aware of any research on this topic by general equilibrium
theorists (even intertemporal!), nor do [ intend to pursue this topic
further here.

On the other hand, }. M. Clark described the psychological model
of ‘economic man’ used by economists of his day as [olfows:

If one wished to be unfair to economists in general, he might
select, for purposes of comparison with these psychological prin-
ciples, a certain well-known though fictitious character whose idiosyn-
crasies furnish allernate joy and irvitation to modern readers of
economics. He is o somewhat inhuman individual who, inconsist-
ently enough, carries the critical weighing of hedonistic vatues to
the point of mania. So completely is he absorbed in his irrationalty
rational passion for impassionate calculation that he often remains
a day laborer at pitifully low wages from sheer devotion to the fine
art of making the most out of his scanty income and getting the
highest returns from his employers for such mediocre skill as he
chooses to devote Lo their service. Yet hie cannot fail to be aware
that the actuarial talent he lavishes outside of working hours would
suffice to earn him a relatively princely salary in the office of any
life insurance company, So intricate are the calculations he delights
in that even trained economists occasionally blunder into errors in
recording them (Clark, 1918, p. 24).

Returning to bounded rationality and out-of-equilibrium behav-
iour, one comes across the following terms: (i) tearning, (ii) adiust-
ment, (iii) adaptation, (iv) evolution. Such ideas have been discussed
by economists for a long time (but also infrequently, compared to the
entire literature on cconomic theory).™ These terms describe behav-
tours that arc responses - of individuals and groups - 10 the bounded-
ness of rationality. It to be expected, therefore, that the successful
analysis of such behaviours would require an understanding in some
depth of the boundedness of rationality. This is not the place for an
essay on this topic, but 1 think that a few words are in order here o
remind you of some of the difficult issucs that have o be faced.™

Although the hypothesis of economic rationality might be quite
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appropriste for some simple, repetitive decision probie‘ms under
conditions of certainty, it becomes less and less appropriate as we
consider decision problems involving more uncertainly and longer
time horizons. In such cases, the theorist may make use of the
hypothesis in several ways:

1. The theorist calculates the actions that would be optimal for the
economic agent,™ and uses this optimal action as a first approxi-
mation to what the agent actually does; for this research strategy
{o work, the hypothesised deciston problem must not be too
complicated for the theorist to solve!

2. The theorist replaces the actual decision problem by a simpler
one, or hypothesises that the agent does this.

3. ‘The theorist hypothesises that the agent’s actual actions will “tend
towards’ the optimal action (in time), provided the agent 1'133
repeated opportunities to improve his action in an unchanging
environment,

111 his book, The Foundations of Statistics, L. }. Savage emphasised
the dilemma of decision theory that is reflected in the two proverbs,
‘Look before you leap’, and “You can cross that bridge when you
come (o it In his chapter on ‘Preliminary Considerations on Deci-
ston in the Face of Uncertainty” he comments:

Carried to its logical extreme, the ‘Look before you leap’ principie
demands that ene envisage every conceivable policy for the govern-
ment of his whole life (at least from now on) in its most minute
details, in the light of the vast number of unknown states of the
world, and decide here and now on one policy. This is utterly
ridiculous, not — as some might think - because there might later be
cause for regret, if things did not turn out as had been anticipated,
but because the task implied in making such a decision is nol even
remotely resembled by human possibility, 1¢is even utterly beyond
our power to plan a picnic or to play a game of chess in accordance
with the principle, even when the world of states and the set of
available acts to be envisaged are artificially reduced to the narrow-
est reasonable himits (Savage, 1954, p. 16).

I we are not to discard entirely the rationality postulate in econ-
omic theory, then we must elaborate more sophisticated and empiri-
cally relevant concepts of rational behaviour - call it boundedly
rational behaviour if you like — concepts that nevertheless retain the
important insights provided by the notion of ‘economic man’.
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I shall not attempt here to give a precise definition of hounded
rationality. However, three aspects of bounded rationality do seem
important for decision theory: {i) existence of guals, (if) search for
improvement. and (i) long-run success.

His no doubt usehul to explain much of cconomic behavionr in
terms of 'goals’ or ‘motives’, and normative economics would appear
to be meaningless without relerence to goals. On the other hand. an
mdividual economic agent may have ‘conflicting” goals, and it may he
bad psychology in many instances to assume that these conflicts are
resolved in terms of a single transitive preference ordering. Such
conflicts may be ‘resolved” in a dynamic way by various mechanisms
for switching attention and effort, with results that do not appear 1o
be trassitive. (There are, perhaps, usefu) analogics between individ-
uals with conflicting goals and groups of individuals with conflicting
interests. ) Also, the set of goals may be endogenous, so that, through
time, some goals may be dropped and others added 1o the fist.

Bven #f the theorist draws back from assuming that econonic
agents behave according to optimal fifetime strategies, it is no doubt
useful to postulate that they search for improvements, at Jeast from
time (o time, and that they take advantage of perceived improve-
ments, How, and under what circimstances. agents search for im-
provements, amnd how these improvements are perceived, is. of
course, an important subject of study, If repeated improvements can
be made in the solution of the same problem, then we have 2
situation of ‘expanding rationality’. On fhe other hand, an environ-
ment that changes at unpredictable times and in unpredictable direc-
tions may make past improvements obsolete. so that the individual is
engaged in a race between improvement and obsolescence.

A strategy of search may itself be the object of an improvement
effort {as in the planning of research and development), but this leads
o a “regression” in the model of decision-making: one cventunlly
reaches a level of behaviour at which it is no longer fruitful to assume
that the search for improvement is itself being conducted ‘optisnally”.

The notion of ‘adjustment’, as it has commonly been used in
economic theory. is in the spirit of bounded rationality in the follow-
ing sense. At a given date the economic agent adopts a parlicular
action (or strategy) that is optimal with respect to the agent’s formu-
tation of the decision problem and the agent’s ‘expectations’. Af the
next date, the agent receives new information, which causes him to
revise his expectations in a way that was not anficipated al the previons
dafe, or even causes Iim to revise his formulation of the decision



450 Part VI

problem, This revision of expectations or of problem formulation is
to be distinguished from the behaviour of a Bayesian statistician with
an optimal sequential decision rule, who periodically revises his a
posteriori probability distribution on the states of the environment in
response 1o new information, according to a well-defined and com-
pletely anticipated (optimal) transformation.

My final point is that, once we have been even moderately success-
ful in developing theories of the boundedness of rationality, then we
shall probably no longer be so interested in equilibrium. Here I should
distinguish between two senses of equilibrium that we have been
using:

1. a dynamic path that satisfies the Hicks—Nash condition;
2. a stationary stochastic process.

It seems plausible to me that our knowledge of our social, economic,
and even physical environment, although expanding, is going to
reinain extremely limited in the foreseeable future. But if our knowl-
edge is increasing — or even changing — then our economic environ-
ment will not be stationary, at least to the extent that we act on our
knowledge. (This will be so, even if the underlying exogenous physi-
cal environment is approximately stationary on the relevant time-
scale.) Notice that this not simply a case of the economy aiming at a
continually shifting equilibrium {see the quote from Hicks, at the
beginning of Section 5). What I am describing is a thoroughly
non-stationary process, bul not necessarily one that is without any
“laws of motion’ at all.™ In addition, because of the boundedness of
rationality, the Hicks-Nash condition is never satisfied, either.™

‘These ideas are not new; they are not even new among mathemat-
ical economists (for example, Koopmans, 1974). Indeed, they are
repeated in one form or other every so often, and usually meet with
approval, and then are largely ignored. What explains this curious
behaviour of economic theorists?

In fact, some recent research is more encouraging. 1 cite, for
example, the work of Nelson and Winter (1982), Selten (1988), and
Binmore (1985}, to name a few, (However, the two last-named
papers are on game theory.) Recently, a whole conference at Cornell
University was devoted to the topic, ‘Learning from Endogenous
Data’. Some research in expetimental economics may also be
relevant to these issues.™

So 1 would like to close on an optimistic note. 1 have concluded
that the long development of intertemporal general equilibrium
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theory thal was launched in Value and Capital altimately revealed the
theory’s serious limitations, but probably that exploration was necess-
ary. | hope that this chapter is not just another ol those premature
qdls Tor serfous rescarch on intertemporal nenr-equilibrivm theory,
but rather a report that this new stage of research interest has abready
begun.

MNotes

1. The views expressed here are those of the author, and are not necess-
arily those of AT&T Bell Laboratories. | would like to acknowledge the
help I received from 1. Benhabib, 1. Duffie, IF. H. Hahn, P. Hille-
brandt, M. K. Majumdar, E. Malinvaud, A, Mas-Colell, .. W. McKen-
zie, M. Polemarchakis, and K. Shell while | was preparing this chapter,
The responsibility for errors aml omissions remains mine, of course,
Citations in the text are by author and date. Full citations are gathered

-at the end of the chapter. Although the list is already very long. [ make
no pretence that it is complete. | have attempted to include enough
recent references for the reader to have an entide to the relevant
literature. 1 bave also cited some works of historical interest that came
up naturally in the text, but not ol of them! Nobody should fect insulted
if bis or her important contributions have not been adequately cited,

2. [lowever, since the present model assumes complete certainly, it re-
quires us to be able to know next year’s automobiles perfectiy!

3. Alternatively, there are primary commaodities that are necessary for
production, as in Case {1, but the endowments of these are large enough
(and growing fast enough) for them to be effectively unlimited {uncon-
straining),

4. This is an oversimplification. The date at which the economy ends could
be a random variable taking on only a finite set of possible values, but
then we would be in the case of uncertainty; see Section 3.1 of this
chapter,

5. See {Hicks, 1961). For recent comprehensive accounts of ‘turnpike
theory” see (McKenzie, {986, 1987). I owe my own introduction to the
subject to a talk by Professor Hicks at the University of California in the
spring of 1960, in which he expressed doubts about the validity of a
proposition put forward by Dorfman, Samuelson, and Sotow (1958},
who first used the term ‘tarnpike’ in this context, (See articles by Hicks,
Morishima, and Radner, in the Review of Economic Studies, 1961, for
the sequel.) Independently, McKenzie was pursuing a similar line of
research (1963).

6. Even the long-run-average (Cesare sum) of a bounded sequence may
fait 1o exist (Hardy, 1949),

7. Note that not every initial endowment need be consistent with a steacy
state,

8. See Zilcha (1978), Cass and Majumdar {1979).

9. See Kehoe and Levine (1985), Kehoe, Levine, and Romer (1986),
McFadden er af (1980).
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To be precise. a stochastic process can exhibit purely cyclic behaviour:
{for exwmple, see Feller (1968), pp. 404-3, for a discussion of periodic
Markov chaing. More typically, however, the addition of ‘noise’ o a
cychical dysamic system will result in a stationary process, as in an
irreducible aperiodic Markov chain. For such a stochastic process, the
invariant probability distribution corresponds, in a sense, to the “steady
state” of a deferministic process, A stochastic process may aiso converge
to o stationary process, in various senses (some stronger that others),
but this topic is tou technical to discuss here (see, e.g., Doob, 1953, chs.
Voand V1)

Brock and Mirman (1973} provided an early stability result for a
one-good optimal growth model. Further contributions on dynamics
and on the two welfare theorems were provided by Radner (1973),
Dana {1976), Zilcha (1976ab, [1978), Mirman and Zilcha (1977}, Foll-
mer and Majumdar {1978), Majumdar and Radner {1983), and the
references cited in those papers. A summary of the literatwre on
one-good models can be found in Majumdar, Mitra, and Nyarko
(1988}, as well as an analysis of the implications of certain non-
convexities. Fa a preliminary way, Radner {1968) explored the conse-
quences and problems of extending the AD model to the case in which
different agents have different information.

Radner (1968) argued that heterogeneity of information among agents
would lead 1o incomplele markets, and hence to a sequence of markets,
Haln (1971) studied equilibrivm in markets with transactions costs; see
also the references eited there.

Sce notes 10 and T above,

Hart (1975) gave an example of the non-existence of equilibrium. On
the generic existence of equilibrivm, see Duffie and Shafer (1985, 1987).
For a differenf approach. see Youneés (1986, 1990),

See Cass (1984), Geanakoplos and Mas-Colelt (1987), Balasko and Cass
(1989}, and the references cited there,

See Cass and Shelt (1983).

Sce Geanakoplos and Polemarchakis (1986b) for the case of pure
exchange, and Geanakoplos ef al (1987) for a model with production.
However, Repullo (1988) defines a new (and weaker} concept of
constrained optimality {'D-efficiency’) for which (roughly speaking) the
two welfare theorems hold for incomplete markets,

See, however, Duffie er of {1988) on the existence of stationary Markov
cquilibria, and Butta and Polemarchakis (1989) on serial dependence in
outpul and prices.

RE cquilibria were introduced formally in Radner (1967}, and indepen-
dently by Lucas (1972) and Gireen (1973). Examples of non-existence
were given by Kreps (1977} and Green (1977). TFor a particular deli-
nition, existence has been shown to be generic except when the dimen-
sions of the price and information spaces are equai; see Jordan and
Radner (1982) and Allen (1986} for summaries of the relevant litera-
fure,

The OLG model was introduced by Allais (1947) and Sammuelson
(1U58): other early contributions were by Malinvaud (1953}, Lerner

21

22.
23.

24.

5.

26.

27.

28,

29.

30.
3L

32.

34
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{1959), Cass and Yaari (1900). Shell (1971), and Gale (1973), (The
litthe-noticed contribution by Allais is deseribed by Malinvaud (1987).)
A dater treatment and bibliography are in Balasko and Shell (1980,
1981). On existence of equitibrium, sce Balasko ef af (1980} and Wilson
(1981}, On indeterminacy, sce CGeanaskoplos and  Polemarchakis
(19864}, On ‘sunspot equilibria’, see Peck (1988) and the references
cited there, On eyclic and chaotic dypsamics, see Grandmont (1983) and
Benhabib and Larogue (1988). On the core of an OLG model see
Younds (1990).

See Radner (1987) for an introduction and bibliography, The pupers in
Groves of al (1988) provide a smnpling of recent research. and an entry
to the lilerature.

See van Damme (1987, 1988) and Fudenbesg er af (F9RR) for accounts of
recent developments.

See, for example, Linhart er af (J989) an hargaining with incomplete
information.

See Kydland and Prescott (1982} Tor an attempt to explain aspects of
post-war US macrocconomic magnitudes with an equilibrium growth
model. This attempt s relatively modest in {hat it fooks at “the auto-co-
variances of real output and the co-variances of cyclical ouipul with
other aggregate cconomic lime series . . 7 See also Mannelli {1986},
and the other papers in the same issue of the Quarterly Review of the
Federal Reserve Bank of Minneapolis.

For some recent aitempls to use intertemporal generat equilibrium
theory to explain the dynamics of econonic development, sec Tucas
(1985} and Romer (1987).

‘Cut-ol-equilibrivm behavious™ could also refer, of course., 1o bebaviour
when markets do not clear, as in the models of ‘non-Walrasian™ equilib-
rivny. | have left that topic to Professor Malinvaud.

This problem also arises in the theory of equilibriz of sequential games,
See Savage (1954) p. 39, Tor a brief discussion of this problem in the
context of single-person decision problems.

See, for example, Simon (1972), Nelson and Winter (1982), Day and
Groves (1973); in self-defence, 1 should cite some of my own attempts
(1975, 1980, 1986).

P43, “Iiterest” here refers to ‘self-interest”, as opposed {o "passion” and
‘reason’

See next note for references.

See, for example, Day and Groves (1975}, Simon (1972), Nelson and
Winter {1982), Radner (1975), and the references cited there. Tor a
discussion of ‘obstacles” {o the attainment of eguitibrivon. see Ticks
(1979 pp. 44 1E

It is 10 be understood that the word ‘action” may, where appropriate, be
interpreted as “decision rule’ or ‘strategy’.

For a few simple examples of this, see Radner (1973).

It might be argued that the Hicks-Nash condition could be satisfied if
agents were ‘doing their best”, given their hounds on rationality, |
question whether this is a meaningfol statement, bat cannot clabosale
this poimt heves of ) Savage {1954y po 7 da, andd p. 16
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35. Orgauised by I, Easley and N. M. Kiefer. For learning in a rational
expectations equitibrium context, see Blume and Easley (1982), Bray
(£982), Frydman (1982, 1987), and Frydman and Phelps (1983).

36, See Alger (1986), Selten (1988), Binmaore (1985}, Professor A. Schotter
and 1 have begun to explore these issues experimentally at New York
University; for prefiminary reports, see Radner and Schotter (1989} and
Linhart er af {1990},
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EOINTRODUCTHON

Roy Radner's (1972) notion of ‘equilibrium of plans, prices, and
price expectations’, an extension of Arrow’s (1953) model of general
equilibrium under uncertainty, is now the closest thing to a standard
paradigm for intertemporal general equilibrivm, 1 have heard a
rumour that Radner recently voiced scepticism over lis own notion
of equilibrium. There is certainly some hint of that in his (1988)
review of post-war developments of ‘Intertemporal General Equilib-
rium’. On the whole, however, his review has a balance of opfimism
and scepticism concerning developments of the theory since Hicks's
Value and Capital appeared. Radner’s perspective is well-informed
and pragmatic, In this discussion of Chapter 15, I will highlight a few
of his observations that I find most novel, and also add a few
comments of my own,

2 THE DRIVE FOR REALISM - THE LACK OF
PRACTICAL AMBITION

A major portion of Chapter [5 outlines developments of the theory
that are devoted to more realistic assumplions. The incorporation of
uncertainty, miti-period trading with incomplete markets, heteroge-
neous information with rational expectations (learning from prices),
overlapping generations, imperfect competition, and so an - these
make for & model closer and closer (o our perception of markets. As
Radner points out, and this seems to be the principal thesis of his
chapter, ‘realism development” in the theory has also created grealer
and greater tension atong three fronts,

First, it has become more and more challenging (both in terms of
the cconomist’s technical competence as well as what the model itseif
can produce) to obtain what Radner calls the preconditions of an
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equilibrium theory: ‘(1) the existence of an equilibrium; (2) the
uniqueness of equilibrium, or at least that there are only finitely
many equilibria; and (3) that the equilibria change continuously with
the data (parameters) of the model, at Jeast for most values of the
data.” Shafer (1988) is an excellent survey of how Radner’s three
preconditions can be drawn from an equilibrium model. Even given
Radner’s preconditions, the classical welfare properties of general
equilibrium are easily left by the wayside as realism is added to the
model,

Second, each bit of additional realism seems to come at a cost to
the ability of the model to explain empirical regularities in market
data. My own perspective from the finance faculty of a business
school teaves me forever in wonder at the mountains of security price
data that are hopefully fitted to equilibrium asset-pricing models that
contain fittle of the above listed touches of realism." The pity is not
that we have yet to make enough theoretical or econometric progress
to enable us to fit the data to the more realistic models. It is, rather,
that the more realistic the models become, the fewer restrictions they
place on equilibrium behaviour. This is related mainly to modelling
precondition (2). Incomplete markets with monetary assets, for
cxample, deliver a continuum of possible equilibria, as shown by
Cass (1985), Geanakoplos and Mas-Colell (1985), and Balasko and
Cass (1986), McAllister’s (1988) model of equilibrium with rational
expectations and heterogeneous expectations has the same property.

Third, the drive for realism places an incredible strain on the
notion of a rational economic agent. Not only are the agents popu-
fating the newest and most realistic models expected to solve
infinite-dimensional stochastic dynamic programming problems for
which no solution algorithms can be contemplated, they are also
expected o have at their disposal a complete list of all possible states
of the future (each state corresponding to a complete description of
all relevant economic information). Kreps (1988) offers one possible
cscape route, a model of preferences with unforeseen contingencies,
Bewley (1986, 1987) supgests a ‘Knightian' alternative based on
mcomplete preference orders. Neither of these preference models
has been incorporated into the intertemporal general equilibrium
theory. Finally, some of the more realistic models have game-
theoretic features demanding common knowledge of rationality (I'm
rational, you're rational, T know you're rational, you know I'm
vational, T know that you know that I'm rational, ad infinitum).?
Common knowledge of rationality effectively demands each agent's
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ability to solve every agent’s decision problem simultaneously in
common knowledge, Radoer’s comments an the bounds of rational-
ity and the role of passion in place of rationality make for enjoyable
reading.

3 INTERACTTON WITH FINANCE

As Radner points out, one may argue that finance, the study of
security markets, has been a proving ground for intertemporal gen-
eral equilibrium theory. Security prices can only be explained by
paying attention to the temporal resolution of uncertainty, a focus of
developments in intertemporal general equilibrium models. Security
price data are readily available in large volume. What is more, the appli-
cation and testing of general equilibrium models in the setting of secur-
ity markets are both motivated by obvious market incentives 1o
measure financial risks and explain the determination of security prices.

Since Arrow’s (1953) paper, “The Role of Securities in the Allo-
cation of Risk Bearing’, and the subsequent development of uncer-
tainty in the general equilibrium model by Debreu (1953; 1959, ch,
7}, some major milestones in finance that have had a strong influence
on general equilibrium theory are:?

(i) the capital asset pricing model (CAPM) of Sharpe (1964) and
Lintner (1965), which pave a substantial practical focus to the
theory;?

(i) the Black and Scholes {1973} option-pricing formula and its
elaboration by Merton (1973b); the formula itself had littfe to
do with general equilibrium theory but its possibility suggested
the importance of dynamics in extending the scope of Arrow's
(1953} results;

(iit) Breeden's (1979) consumption-based capital asset pricing
model, an extension of the CAPM to multiperiod settings using
Mertow's (1969, 1973a) continuous-time dynamic programming
approach;

(v} the martingale pricing theory of Harrison and Kreps (1979), a
dramatic conceptual simplification of the problem of pricing
securitics in multiperiod markets that set off an avalanche of
further developments to the Black and Scholes model as weli as
a new examination of general equilibrium theory for infinite-
dimensional consmption spaces ®
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Most recently, finance theorists have devoted special attention to
cuilibria with asyminetric information and to the ‘microstructure’ of
security markets: examples are the work of Glosten and Milgrom
(1985) or Admati and Pfleiderer (1988). This literature shows that
(inance has the practical good sense to leave the invisible hand behind
when the pracess of price-formation is itself to be explained.

1L is [tom this Tocus on price formation that T expect finance theory
will continue to he a force sustaining the development of intertem-
porai general equilibrivm theory,

4 SOME GAPS TO BE FILLED

Radner reviews some of the gaps in intertemporal general equilib-
rium theory. Let me supply a few of the most important from my own
menu,

First, the endogenous innovation of security markets seems to me
one of the most important processes to be explained, Radner (1972)
himself, along with Hart (1975), led us to focus on the incomplete
structure of security markets and what that means for the precon-
ditions of the theory and the wel{are properties of equilibria. (Geana-
koplos, 1988, surveys the many developments of the past few years;
‘incomplete markets® has recently been one of the most active topics
in general equilibrium theory.) Unfortunately, however, there has
been precious little in the way of explaining the formation of security
markets and where it stops, (Grossman and Hart, 1987; Harris and
Raviv, 1987; Dultic and Jackson, 1989; and Allen and Gale, 1987, are
carly attempts.) What markets will be set up, when, and by whom? Is
the innovation process, presumably guided by entrepreneurial incen-
tives, efficiently rading off the market set-up and transactions costs
against gains from the availability of insurance?

Sccond, T would say we know too little about the role of the firm in
mtertemporal equilibritin. Lspeak of the firm, and not merely the set
of technotopically feasible production plans,

(a) What is the goal of the firm? Market-value maximisation is
unanimously supported by shareholders, is Pareto-optimal, and
is a well-posed problem, provided there is a complete set of
sceurity markets. Otherwise, each of these propositions can be
overturned, {See, for example, Duffic and Shafer, 1986.)

(b} Flow is the financial policy of the firm relevant? Even with
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incomplete markets (but otherwise standard assumptions), ex-
tensions of the Modigliani-Miller {1958} theorem suggest that
financial policy is itrefevant for both the value of the firm (Duffie
and Shaler, [986) as well as the utilities of sharehelders (De-
Marzo, 1988). Some work obviously remains to be done to
justify the emphasis of modern corporations on their financial
strategies. Aghton and Bolton {(1987) is a good example of how
the theory may develop,

Third, and this scems one of the most demanding basic questions,
what is an appropriate model for the expectations of agents with
asymmetric information? Surely we cannot take the ideal case of fully
rational and simultaneous learning from prices in a model of com-
pletely foreseen contingencies all that seriously! In particular, it
seems guestiopable to me that agents in actual markets treat current
and future prices as functions of the underlying state of the world,
drawn from some mysterious all encompassing set £ (common to afl
agents), despite my own everyday use of this assumption for model-
ling purposes. Beyond the incredible demands of this assumption, it
has failed to generate much of @'theory of fiitertemporal equilibrium
with asymmetric information. Neglecting results implying completely
revealing prices, there is little 1o build on in the way of general
models of equilibrium, by which [ mean models whose properties can
be characterised without referring to explicit solutions based on
parametric forms for preferences and probability distributions. A key
aspect of the problem is that there is ne reason to believe in the
continuity of the function mapping the revealed price to the con-
ditional distribution of future states. To see this in a one-state
one-price model, simyply plot a continuous function mapping the state
to the price. Unless the price function is strictly monotonic, the
inverse image correspondence {which determines the conditional
state distribution) is not lower hemi-continuous, but that form of
continuity is needed, in general, for the continuity of the conditional
distribution of the state as a function of the price, There are generic
arguments that avoid discontinuities when the dimensions of the state
and price spaces are appropriate for completely revealing prices (see
Allen, 1981), but completely revealing prices seem too much to hope
for or to rely on. McAllister (1988) offess an alternative formulation
of the model satisfying Radner’s precondition (1) {existence), but not
satisfying preconditions (2) and (3).

[ believe these three problems, the endogenous formation of



466 Part VII

markets. the theory of the firm, and the treatment ol expectations,
are central to the satisfactory future deveiopment of the intertem-
poral gencral equilibriwm model.

Nofes

T The support of Batterymarch Financial Management and the comments

of Livsel McKenzie are much appreciated.

Lo laeas's (1978) model is a prime example.

2. Sce, again, McAdlister (1988).

3. When presenting this discussion it oceurred 1o me how much wy perspec
tive may be hifluenced by my surroundings at Stanford, with which ail
these four models have had some connection by way of one or more of
their authors,

4. The later contributions of Boreh {1968) to the development of this
muodel, particalarly its welfare properties, have been largely overlooked;
1 am grateful to Dieter Sondermann for bringing them to my attention.

5. Mas-Coletl {1980) had the first results treating the class of COTHIUOUS-
time consumption spaces envisioned by Harrison and Kreps. Many more
papers guickly followed, most of these citing applications in finance as an
impelus,
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